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Chelsea Thompson is an atmospheric chemist, science communicator, and graphic designer 
with the University of Colorado’s Cooperative Institute for Research in Environmental Sci-
ences (CIRES) working at NOAA’s Chemical Sciences Laboratory (CSL) in Boulder, Colorado. 

Chelsea received a Bachelor of Science with Honors in Forensic Science with a Chemistry 
minor from the University of Central Florida in Orlando, Florida. She then attended Purdue 
University in West Lafayette, Indiana and earned her PhD in Analytical Chemistry under 
the mentorship of Prof. Paul Shepson. Her PhD research focused on chlorine and bromine 
radical chemistry in the High Arctic that leads to depletion of ozone and gaseous elemental 
mercury during polar spring. She spent two spring field seasons in Utqiagvik (formerly Bar-
row), Alaska as a researcher as part of the OASIS (Ocean-Atmosphere-Sea Ice-Snowpack) 
project and one summer season as the Science/Laboratory Manager at the NSF-funded 
field station. While in Utqiagvik, Chelsea was able to engage with the indigenous communi-
ty and was privileged to help prepare native foods and participate in the Nalukataq annual 
whaling festival. 

Upon completion of her doctorate work in 2012, Chelsea moved to Boulder, Colorado to be-
gin a postdoctoral position at the University of Colorado’s Institute for Arctic and Alpine Re-
search and was awarded an NSF Postdoctoral Research Fellowship. There she began study-
ing oil and gas emissions and their impacts on air quality and on unusually high wintertime 
ozone in the Uintah Basin, Utah. In 2015, she joined the Tropospheric Chemistry group at 
NOAA CSL, where she participated in the SONGNEX airborne project, measuring nitrogen 
oxides (NOy) and ozone over western U.S. oil and gas shale basins. From 2016-2019, she 
participated in the NASA Atmospheric Tomography (ATom) mission, flying four round-trip 
global circuits aboard the NASA DC-8 research aircraft measuring NOy and ozone in the 
remote atmosphere. 

After a year in the private sector, Chelsea returned to CSL and has moved into the role of 
Communications Lead and graphic designer for the laboratory. Chelsea has a passion for 
science communication and believes strongly in the power of visual communication to en-
gage the public. As the Communications Lead, Chelsea is able to blend her scientific and 
artistic backgrounds to create graphics, illustrations, and other products for publications, 
laboratory communications, public engagement, and international scientific assessments.
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Scientific Schematics
& Illustrations

Natural and Human-Caused Sources 
of Atmospheric Aerosols

Research and Operations Tools

Satellite Remote Sensing

Surface and Airborne
Observing Systems

Climate & Forecast Models

NOAA GOES Satellites

NOAA HRRR-Smoke

NOAA P3 Orion

NOAA Ship
Ronald H. Brown
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Sources of atmospheric aerosols and NOAA’s research and operations tools used to address aero-
sol-weather-climate intercations, produced for the NOAA Science Council’s State of the Science 
Fact Sheet on Aerosols, Weather, and Climate (2021 update). 

1–1.5 km 

10–16 km 

Solar Climate 
Intervention Methods

3) Increasing the amount of
     stratospheric aerosol (SAI) 

2) Increasing the re�ectivity
     of marine clouds (MCB) 

5) Decreasing the 
     amount of high 
     altitude cirrus 
     clouds (CCT) 

Altering re�ection of shortwave radiation Altering transmission of longwave radiation

1) Surface albedo 
     enhancement 

4) Space-based methods

Boundary Layer TopBoundary Layer Top

TropopauseTropopause

Proposed solar radiation man-
agement methods for climate 
intervention, first published 
in AGU’s EOS magazine, 19 
March 2021. (Link to article)

https://eos.org/science-updates/improving-models-for-solar-climate-intervention-research
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10K ft

0° Latitude
90° -90° 

NASA ER-2
Endurance : 12 hours
Payload : 2900 lbs
Range : 5000 nml
Personnel : 1 pilot

70,000’ Ceiling

65,000’ Ceiling NASA Global Hawk
Endurance : 31 hours
Payload : 1500 lbs
Range : 11000+ nml
Personnel : uncrewed

NASA WB-57
Endurance : 7 hours
Payload : 8800 lbs
Range : 2500 nml
Personnel : 2 crew60,000’ Ceiling

51,000’ Ceiling

41,000’ Ceiling

Endurance : 12 hours
Payload : 5600 lbs
Range : 5500 nml
Personnel: 20 (2-5 crew) 

NSF G-V

NSF C-130
Endurance : 8-9 hours
Payload : 23,000 lbs
Range : 3000 nml
Personnel : 19 (3  crew)

NASA DC-8
Endurance : 12 hours
Payload : 30,000 lbs
Range : 5400 nml
Personnel : 50 (8  crew)

NOAA Twin Otter
Endurance : 4-6 hours
Payload : 4400 lbs (incl. fuel + personnel)
Range : 600 nml (at low altitude)
Personnel : 8 (2 crew)12.500’ Ceiling  

(without O2)

NOAA P-3
Endurance : 9-11 hours
Payload : 14,700 lbs
Range : 3800 nml
Personnel : 20 (8 crew)

NASA B200
Endurance : 6 hours
Payload : 1850 lbs
Range : 1300 nml
Personnel : 4 (2 crew)28,000–35,000’ Ceiling

28,000’ Ceiling

26,000’ Ceiling

Chelsea R. Thompson / NOAA

20K ft

70K ft

30K ft

40K ft

50K ft

60K ft

U.S. 
Research
Aircraft

Current U.S. Government-owned fleet 
of aircraft used for atmospheric re-
search and their capabilities. First pub-
lished in The National Academies of 
Science, Engineering, and Medicine’s 
report on Future Use of NASA Airborne 
Platforms to Advance Earth Science 
Priorities, May 2021.

Satellite calibration and validation
Retrieval/algorithm development

Model evaluation/validation
Data assimilation

Correlative information
Process-level and system-level understanding
Advancing understanding of the Earth System

Capabilities and Advantages : 
– Comprehensive in situ atmospheric 
    composition measurements
– Passive and active remote sensing
– Continuous day/night observation
– Long-term records

Limitations :
– Limited spatial coverage

Ground-Based Observations
Capabilities and Advantages : 

– Chemical kinetics
– Aerosols
– Spectroscopy
– Chamber studies
– Controlled process studies

Laboratory Studies

Capabilities and Advantages:
– Source–receptor relationship

for pollution
– Inverse modeling for emissions
– Climate modeling (e.g. aerosol

radiative forcing)
– Detailed chemical processing
– Weather modeling
– Observing System Simulation

Experiments (OSSEs)

Modeling

Capabilities and Advantages:
– Global coverage of key constituents (T, q, winds,

clouds, aerosol, ozone, ozone precursors) 
Limitations :

– Limited vertical and horizontal resolution
– Limited temporal coverage (i.e., revisit time)
– Daytime coverage only for some measurements

Satellite Remote Sensing

Capabilities and Advantages:
– Comprehensive remote sensing

and in situ measurements of 
atmospheric parameters and 
composition

– Detailed vertical structure
– Technology demonstration

Limitations :
– Limited spatial coverage
– Limited temporal coverage

Aircra�-Based Observations

Integrated Strategy for Atmospheric Research
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Integrated strategy for atmospheric re-
search incorporating diverse tools and 
methods. First published in The Nation-
al Academies of Science, Engineering, 
and Medicine’s report on Future Use of 
NASA Airborne Platforms to Advance 
Earth Science Priorities, May 2021.

https://www.nationalacademies.org/our-work/future-use-of-nasa-airborne-platforms-to-advance-earth-science-priorities?mc_cid=ca1a114543&mc_eid=49682404c9
https://www.nationalacademies.org/our-work/future-use-of-nasa-airborne-platforms-to-advance-earth-science-priorities?mc_cid=ca1a114543&mc_eid=49682404c9
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Stratosphere

 
Emissions Sources 

Aerosols

Atmospheric
 Dynamics

ATMOSPHERIC CHEMISTRY & CLIMATE RESEARCH
at the NOAA Chemical Sciences Laboratory

������������������������

» Aerosol-cloud-precipitation interactions
» Radiative processes & forcing

» Aerosol composition
» Convective transport

Air Quality

» Food production & agriculture
» Mobile (e.g., trucks, airplanes,
   on- and off-road vehicles)
» Energy production
» Urban & industrial 
» Biomass burning
» Biogenics
» Marine

» Chemical kinetics
» Chemical mechanisms 
» Photochemical processes
» Deposition
» Particle formation
» Mixing and transport

» Fire weather
» Transport

» Boundary layer dynamics
» Sudden stratospheric warmings

» Circulation
» Radiative processes

» Ozone, water vapor, & aerosols
» Ozone chemical processes

» Stratosphere-troposphere coupling
» Stratosphere-troposphere exchange

Overview of research topics pursued at the NOAA Chemical Sciences Laboratory, produced for 
internal and external communications. 

Cl• O3hν
Cl2

ClNO2

N2O5
Ozone

Depletion
Chemistry

ClONO2
+ HCl

+

condensation

nucleation

growth

polar stratospheric 
cloud formation

H2O

H2SO4

HNO3

organics

Chelsea Thompson / NOAA

Schematic of heterogeneous chlorine chemistry occuring on stratospheric aerosols and polar 
stratospheric clouds, produced for scientific presentations.
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Schematic showing marine emitted/deposited gases and aerosols that have been studied to date 
using data from the NASA Atmospheric Tomography (ATom) mission, along with example vertical 
profiles observed during the mission, to be published in forthcoming mission overview publication 
(Thompson et al., BAMS, submitted 2021).

Schematic summarizing the primary gases, aerosols, and atmospheric processes studied during the 
NASA Atmospheric Tomography (ATom) mission, to be published in forthcoming mission overview 
publication (Thompson et al., BAMS, submitted 2021). Digital rendering of aircraft by Dennis Dick-
erson, Respond Grafiks.



6

Schematic illustrating the diverse emissions sources that impact air quality and climate and the 
complex chemical and meteorological processes that can significantly affect observed levels of pol-
lutants in the atmosphere. Produced for a publication reviewing a large body of scientific literature 
on reduced levels of pollution during the 2020 COVID-19 lockdowns (Gkatzelis et al., 2021). 

Abstract / Table of Contents art for 
scientific journal article by Francoeur 
et al. (2021) illustrating the magni-
tude of emissions determined for U.S. 
oil and gas production basins. 

https://online.ucpress.edu/elementa/article/9/1/00176/116616/The-global-impacts-of-COVID-19-lockdowns-on-urban
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D-5 Siloxane Monoterpenes

PCBTF

p-Dichlorobenzene

Chemical Tracers of VCPs
Personal Care Products

Adhesives

Insecticides

Insecticides

Cleaning

Cleaning

Solvent-Based Coatings Water-Based Coatings

Fragrances

D-4 Siloxane

Adhesives

Texanol
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Abstract / Table of Contents art for scientific journal article by Gkatzelis et al. (2021) 
illustrating the relative contributions of traffic emissions and volatile chemical products 
(VCPs) emissions to total VOC emissions calculated for Boulder, Colorado and New York  
City. 

Abstract / Table of Contents art for scientific journal article by Gkatzelis et al. (2020) showing 
six chemical compounds that are used as tracers to identify different categories of volatile chem-
ical products in urban air. 
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Informational &
Organizational Graphics

International organizations involved in ozone research with application to the Montreal Protocol. 
Produced for the United Nations Environment Programme Ozone Secretariat.
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Stratospheric Ozone Depletion Science and Policy Milestones

Scienti�c 
Milestones

International Scienti�c
Assessments

International Policy 
Milestones

WMO Atmospheric 
Ozone – 1985

Ozone hole reported 
over Antarctica – 1985

Mid-latitude ozone depletion 
detected – 1988

CFC ozone-depletion 
hypothesis – 1974 

Upper stratospheric ozone 
begins to increase as a result of 

the ODS phaseout – 2014

Laboratory, �eld, and modeling studies 
show chlorine and bromine deplete polar 
stratospheric ozone – 1985-1989

UNEP/WMO Scienti�c Assessments of Ozone Depletion

1989 1991 1994 1998 2002 2006 2014 20182010

IPCC/TEAP Special Report on 
Safeguarding the Ozone Layer and 
the Global Climate System – 2005

WMO The Stratosphere 1981: 
Theory and Measurements

WMO Report of the International 
Ozone Trends Panel – 1988

Montreal Protocol Amendments :
London – 1990

Copenhagen – 1992
Vienna – 1995

Montreal – 1997
Beijing – 1999

Vienna Convention for 
the Protection of the 

Ozone Layer – 1985

Montreal Protocol on 
Substances that Deplete the 

Ozone Layer – 1987

Global consumption of ODSs 
reduced by 98% – 1986 to 2008

HCFC accelerated phaseout
(Montreal-2007 Adjustment)

Global production 
of CFCs and halons 

ends – 2010

Control of production 
and consumption of 
all ODSs by all 
parties – 2013

Montreal Protocol 
universal rati�cation 
(196 parties) – 2009

Kigali 
Amendment 

2016

1970 1980 1990 2000 2010 2020

CFC-11 emissions prior to 
the Montreal Protocol

CFC-11 emissions after 
the Montreal Protocol

1960
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Natural emissions

Atmospheric levels of ODS reach 
their peak and begin to decline – 1993

UNEP World Plan of Action 
on the Ozone Layer – 1977

Figure by Chelsea Thompson, adapted from WMO/UNEP 2018 Ozone Assessment
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Brochures, Covers, 
& Report Layouts
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AEROMMA:
Atmospheric Emissions and Reactions

Observed from Megacities to Marine Areas

A comprehensive study led 
by NOAA’s Chemical Sciences 

Laboratory  investigating anthropogenic  
and marine emissions that alter tropospheric 

composition and impact air quality and climate 

For more information, contact Carsten Warneke (carsten.warneke@noaa.gov) or Patrick Veres (patrick.veres@noaa.gov)

AEROMMA will expand upon these new findings to 
assess their impacts on air quality and c limate 
and improve our understanding of air 
pollution in a changing environment

NOAA research has identified an emerging 
source of volatile organic  compounds to the urban 
atmosphere that contributes to ozone and aerosol

The AEROMMA projec t addresses emerging research needs 
in urban air quality, marine chemistry influences on c loud formation, 

and interac tions at the marine-urban interface

A recent NOAA discovery has redefined 
the marine sulfur cyc le, prompting a 
renewed look at air-sea exchange

More than 100 million Americans 
live in non-attainment areas for 
ground-level ozone.

Volatile chemical products 
(VCPs) are emerging as a ma-
jor urban source of petrochemi-
cal organics [McDonald et al., Science, 
2018].

Oxidation of ocean-emitted di-
methyl sulfide (DMS) produces 
sulfate aerosol, which in turn 
impacts albedo, cloud forma-
tion, and climate.

CSD’s discovery of an addi-
tional DMS oxidation prod-
uct (HPMTF) shows that the 
marine  sulfur cycle in current 
models is incomplete [Veres et al., 
PNAS, 2020].

 » Provision of timely information to environmental              
managers and stakeholder groups on emissions from VCPs 
and fossil fuel sources that impact climate and air quality.

AEROMMA will use an extensively instrumented NOAA P-3 
research aircraft through a series of flights in May - July 2021.  
The aircraft will base in California and New England to access 
several major coastal and inland cities and two ocean basins. 
The P-3 flight range is indicated as rings  on the above map.

Anticipated outcomes:

MSA = methane sulfonic acid
HPMTF = hydroperoxymethyl thioformate

VOCs = volatile organic compounds
GHGs = greenhouse gases

Tropospheric ozone is a toxic air 
pollutant formed through reac-
tions involving VOCs and NOx.

 » Reduction of uncertainties in global climate models due to marine 
aerosols from biogenic sulfur emissions.

 » Provision of urban and marine datasets to improve the representation 
of emissions and chemical and physical processes in the next gener-
ation NOAA weather-chemistry models.

M
ay 2020

 » Assessment of emissions recovery following the COVID-19 
economic slowdown
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Scientific Data
Figures & Graphs
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HFC-404a :
52% HFC-143a
44% HFC-125
  4% HFC-134a

HFC-410a :
50% HFC-125
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HFC-407c :
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published in WMO Report on the Unexpected Emissions of CFC-11 (2021), Executive Summary
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Radiative forcing of aerosol direct and indirect effects relative to greenhouse gases, from the 
NOAA State of the Science Fact Sheet on Aerosols, Weather, and Climate, 2021 update.

Effective radiative forcing (ERF) of global aviation emissions and feedbacks and growth in net ERF 
with time. Published in Lee et al., 2020
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Top: Flight tracks followed on the NASA Atmospheric Tomography mission and measurement 
coverage as a function of latitude and altitude. Bottom: 3-D representation of the ATom-3 flight 
track, showing the repeated vertical profiles performed throughout the circuit. (Thompson et 
al., BAMS, submitted 2021)
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Observations of methane, ozone, and black carbon collected during ATom-3 and interpolated to the 3-di-
mensional flight track. (Thompson et al., BAMS, submitted 2021)
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